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© Process for the preparation of 2-substituted-1,4-dihydro-pyridines. 



© The present invention provides a process for preparing a 2-substituted-1 ,4-dihydropyridine by providing a 
regiospecific bromine containing intermediate which is then reacted with a nucleophile to provide a wide range of 
substituents at the 2-position of 1 ,4-dihydropyridines. Also the present invention is novel 3-substituted-1 ,4- 
dihydropyridines having cardiovascular activity. 
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PROCESS FOR THE PREPARATION OF 2-SUBSTITUTED-1,4.DIHYDROPYRIDINES 



10 
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cuJSiJT** inV6nti0n iS ' Pr0 ° eSS PrePari " 9 2 - substituted - 1 -^ydropyridines, useful as cardiovas- 
U.S. Patent No 4,567.268 reports a pyridinium bromide perbromide and N-bromo-succinimide as a 
bromine generator for use in a process to form an internal ester, i.e. lactone, such as tetrahydrofuro (3 4-b) 
bEZ aZrn '^V »™™' Singly it is now found that a py^tm 

brom.de perbrom.de prov.des a regiospecific brominated intermediate, i.e. having a bromine containino 
subsftuent at the 2-position in a 1 .4-dihydropyridine. The intermediate, thus is torZ rwrted Sml 
nudeophile to provide a wide range of a-substituted-l.^hydropyndines in high ^dTSSeSS avl^e 

aS^ELT part Hant2SCh reaction havin9 low yie,ds °~ «J»2SSl 

pres^nt'SeSn 8616 ^ 2 * SUbStitUted - 1 ^^opyridines having ca.cium blocking activity are the 
The present invention is a process for the preparation of compounds of the formula (I) 




H 9 «r i c N 

2 or 3 u 



wherein Ar is aryl or heteroaryl; 
R' is hydrogen, lower alkyl or aryl; 

R is straight or branched hydrocarbon chain of from two through six carbons- 
Ri is CN. COzRs wherein R 3 is lower alkyl. or is taken together with - - - which is an entire, h^n 
form a fused ring with the dihydropyridine wherein the fused ring is of the formula P * 




40 



45 



where n is 0 or 1 and 2 is 

1) A-Rz wherein A is 0 or S and R 2 is 

i) alkyl. straight or branched, optionally substituted by (a) hydroxy, (b) alkoxy (c) NR-sFU wherein B, 
and R, are .ndependently hydrogen or lower alkyl; (d) S(0) nR5 wherein nTs zero, cTo to aS Zs o2 
alkyl. aryl. aralkyl where.n ar is aryl and alkyl is an alkylenyl linkage straight or branched havino oHrLm Z 
o four carbons or heteroaryl wrth the proviso that R 2 is not a. M substiWed by^O ; TZ ^ A is S Z 
(e) C0 2 FU wherein R* is hydrogen or lower alkyl; n ' 

ii) aryf; 

Hi) heteroaryl; or 
iv) 
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wherein q is one or two. and - - - is an optionai bond; Ra and ft are ^^^^^ ° f 
to four carbons, alkenyl of from two to four carbons, or taken together with - - - Re and R ? form 



one 



JO 



wherein X is halogen, lower alkyl. trifiuoromethyl. nitro, amino, mono-or di-lower alkylamino. cyano. lower 
alkoxy, lower alkylthio, and the like; 

2) NR 3 FU wherein R 3 and R. are independently hydrogen or lower alkyl; or 

3) 

N Y 

wherein Y is 0, S, CH 2 . CHAr wherein Ar is independently aryl. or NR 5 wherein R 5 is independently as 
20 defined above; 
4) 

wherein Rs is independently as defined above; which comprises treating a compound of the formula (II) 

Ar 

IT 

wherein Ar, R. R\ and Ri are as defined above; with pyridinium bromide perbromide in a solvent to obtain 
an intermediate of the formula (III) 



30 



40 



45 

H 2 or 3 C 




III 



50 wherein Ar. Ri, R'. and R is as defined above; and then reacting the compound of formula IHwrth a 
compound of the formula HZ wherein Z is as defined above, to obtain the compound of formula I above. 

Since the process can be performed as a one pot process the invention is also the preparation of a 
compound of formula I as defined above which comprises treating a compound of formula II as Refined 
above with pyridinium bromide perbromide followed by treating with the compound of formula HZ to obtain 
55 a compound of the formula I. 

The present invention is also for novel compounds of the formula (X) 



3 
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Ar 



10 



n = c ^Y^y^ C ° 2R 

Z l 

and pharmaceutical^ acceptable salts thereof; wherein Ar R' 
and Zi is 1 

1) 



and R are independently as defined above 



75 




wherein R 5 is independently as defined above- 
so 2) 



"Y 



25 N ^ ^ 6 



R 7 



30 wherein q, Re and R 7 are as defined above 

35 a praroaceoscall, acceptable came, "* compound of fonmula X as defcoo 

humLt Sl'SSrjS i~ aOmt^TT" — " — P— * 
as defined above. P aamm '^rmg to such mammals the compound of formula X 

• -d^^ * ^ved from physiology acceptable acid, The 

ethanesulfonic add. benzenesulfonic * ^ aCidS ' such 38 

sulfamate, ethanesulfonate. benzenesulfotj ^SSS^J^J^r^ **" ** ******** 

* Salts" in iof RHn^aceu^ SdESTT" « « TT^' *" ^ « 

The compound of formula X of th* nr« a m I — T~ 1 Jan " 1977 « Vo1 - 66 - N °- 1. PP 1-19. 

« least one asymmetric carbon atom ^ oTpe^ due to the presence of at 

each optica, isomer or a racemic mixture. F Xtn of tne^ J T^" 6 and Can exist 33 

less than two asymmetric carbon atoms in its mo ecute ™ L - J? W f ° f f ° rmu,a X which have not 
thereof. The mixture of the diastereomers cln T^ZiZ Xo fJ T diaSte ' e °™<*> <* *e mixture 
resolution methods such as chromatography or^^SjS * Ce ™ com P ound «* conventional 

o compound can be resolved into each oJJl iomJZ 1 I acryst f 2 f» end the like and the racemic 



4 
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MM «h suifable add, f» exa.pl.. me appropriafe cornels of forrr,u,a X „ dissob-ed in 

SffiT^lfflK^ - r^r^ic and naphb—hc* 
add -Uo»ar Ayr as used herem means a hydrocarbon chain of from one to six oerbons. sooh ae methyl 

it term "heteroary." as used herein means thienyl. furyl. pyrryl. pyndinyl quinolyl isoquinolyl 

Zn^T^ZJoW, cinnobinyl. phthalaxiny.. r^hthyridinyl. or benzothtaanyl. 
"Halogen" in the present invention means fluorine, chlorine, or bromine. 

20 Scheme I 
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30 




II 



CHC1 3 or 
CH 2 C1 2 



and pyridinium 
bromide perbromide 




hot? 



Ill 
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SO 



55 



HZ 



NaH in 
DMF 




H 2«3 C 
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may be further reacted without separation from the reaction mixture 
The comDounri nf f rtm .,i^ in xt^._ _ . mixture. 



Th w^p« OUUII „ urn me reaction mixture 

example, a solvent, such as te^ydrofu^ miT N ^Zf * J* * *» formu,a Z For 

compound of formula ... or the milre oo^^Tr^m ZTT ^ be ^ t0 

■ added to the H2 or a compound providing fceTmnil ^'"V 0,utl0n or ™*ure of formula III 
tetrahydrofuran or dimethylforma^nide and £ fike prefe^ V "* 006 ° r more ° f 

hydride if appropriate to the formation of L 2 ml£ ^TSl m * ° f ' for exam P ,e - 

-20-C to 0-C and then warmed to room tempeXe iJln 7 1? T*™ ^ * prepared at from 
indicates the formation of the compound of Tm^Tl^n . , Unt " chromatography 

Compounds of formula I m Tl . appr ° x,matel '' an »»ur for most reactions. * 

conventional means such as dJSKh^ T^ 0 " the reac «° n "*•« by 

formula I which are stereoisomers ^T^^ZZ'J^ ^ C ° mp ° UndS * 

than two asymmetric carbon can be resolved to each raSZ! £ " ° f diastereomers ^ing not less 
raphy or fractional recrystallizaton and thelke Z£ thTT J * COnventl0na, me£ ™ such as chromatog- 
by a convenKona. racemic resoMoT^onT^ZZfo^ * "* ° ptical lso ™ 

an opfcaHy active acid. e.g. tartaric aJor campho^ Xfc ac* 3 "* ° f 1,16 raCemiC C ° mp ° Und wi * 

For example, the followino SdteZ . T.? 1 Z by known meth °ds. 

materials. °" 0Wm9 " " ,usfrates « *«* known process for preparing the starting 



Scheme ii 



ArCHO - + .. lv N. ^ 



C0 2 R 



2 or 3 



2 o r. 



Ar 



C0 2 R 



' Jll 

B 2or3° 



45 



wherein Ar. R', Rl , and R are as defined above 

above for methods shown as ^Z%1^Z^t^' ? <° 206 ^ *2 

6 ein ' such as - for example, the following Schemes III 
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Scheme III 
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30 



35 



40 



45 



sion. y r,ean a,s ease, myocardial ischemia, angina, and hyperten- 

• EP «"« ™~ in an assay as deseed in 

composition containing a compound "of »e mS^ST" 8 . 3 Cmtmd ^ Pn-maceutical 
Physician or veterinarian of ordinary sWllreaZdLlti k 8 " """P** unit dosage form. A 
« The routes of administration and tfie d^^ZLTf **» diseases - 

Pharmaceutical art Regard.ess of the rorfe o, aS^TseZ^L^- fh °" C ° nVM to the 
formula X. in unit dosage form comprising the 1222 eitht I '^J' 0 ' 1 Pr ° V ' deS 3 COmpound of 
cally ^acceptable carrier appropriately ^eleSed a,0ne " " admixture ™ m » Pharmaceuli- 

of the mammal, the severity of W^lT^&S^ ^ ^ ^ COndition 
particular compound of formula X employed. An oS^W ^TT' * administra ^ and 

determine and prescribe the effective amount ofi^22L2?! * Veterinarian wi " rea <% 

disease condition. In so proceeding, the ZLcian or IS 10 " *"* the pra 9 ress of *e 

o first, subsequently increasing the dose until a m JLZ f 0 * emp '° y re,ativel V low *«Q* at 

EXAMPLES 

The following examples further iHustrate the invention without limiting it thereto. 
EXAMPLE 1 

pyridi^bS 5 « to a solution of 5 g of 3- 

m. pyridine in 150 ml of *Z££2%SS£. Tc ethyl ester L 12 
the bromide (6 g) was obtained by ftas ^dillL^ ^ T W ^ to « * O'Cand 

dissolved in 30 ml of THF and adoed dmp^^ (10% BAc,C ™* ™* -as 

(prepared from 1.5 g of 4-mercapto pyridine and 0 5 o of St T u tr erCapt0pyn ' dine ' sodium ■* t- 
the mixture was warmed to n^JSZT^i!!^ 2?h" ^ ^ 40 m,,] at °° C ■* 
with water and extracted with CH.Ck. ^eo aa^ce^Vl ^' r6aCti0n mixture was d »^d 
The residue was crystallized from EtAc to X 5 TTT: sZUT k ^ ^ and "*P«W- 
meth^^ 

^^ZTsST - * »' ~es C cribed in Examp,e 1 



50 



EXAMPLE 2 



55 



phen*£XT^ 

oxo.2-meth y ..4.r 2 .^^ 3-qu,no.,necarboxy.ic acid. 1 .4.5.6,7.8-hexahydro-5- 



8 
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EXAMPLE 3 

3-Pvridinecartx,^ 
(trifluoromethyl)phenyl]-. ethyl ester. 

5 

EXAMPLE 4 

3-Pyridinecarboxy.ic acid. 5-cyano-1.4-dihydro-2-t[4-(2-hydroxy-3-phenoxypropyl)-1-pipera Z inyl> 
10 methyl>6-methyl-4-[2-(trifluoromethyi)phenyl>. ethyl ester. 

Calcd. for CjiHmFsN^ 

C, 63.80; H, 5.87; N. 9.60 

Found C, 63.16; H, 5.99; N, 9.48 

mol ion m + 1 584 (mass spectrum) 
75 ir, 2203 cm -1 (CN) 1700 cm" 1 (COaEt) . _ 

'H NMR (CDCh) I 8.1 <1H, s, broad NH), 6.9-7.6 (9H, m. aromat.cs). 5.1 (1H. s. CrH). 4-1 3.8 (7H. 

m. Hs at a. b, c. d), 2.6-2.8 (10H, m, 

20 

2.1 (3H, s, CH 3 ) and 1.0 (3H, t, CO2CH2CH3). 



25 EXAMPLE 5 

3-Pyndinecarboxy.ic acid, 5-cyano-1 .4-dihydrc-6-methy,2-(4- m orpho l iny.methy.H-[2.(trif. U oromethyl)- 

phenyl]-, ethyl ester, 
mp 1 74-175° C. 
30 Light yellow solid. 



EXAMPLE 6 

3 5 3-Pyridinecarboxylic acid, 5 -cyano-2-t<3.4-d^^ 
4-[2-(trifluoromethyl)phenyl]-, ethyl ester, 
mp 210-211 °C. 
Dull olive solid. 

40 

EXAMPLE 7 

3-Pyridinecarboxy.ic acid. S-cyano-1 ,4-d^ 
(trifluoromethyl)phenylh ethyl ester. 
45 mp 276-278° C. 
White solid. 



EXAMPLE 8 

3-Pyridinecarboxy.ic acid, 5-cyano-1,^ihydro-6-methyl-2-[(2-methy.-1H -imidazol-1-yl)meth y .]-4- t 2- 
(trifluoromethyl)phenyl]-, ethyl ester, 
mp 226-228'C. 



ss 
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10 



15 



EXAMPLE 9 



3-Pyridinecarboxylic acid + a ^ 

(trifluoromethyl)phenylh ethyl ester. ' '^ ,h y dr * 2 ^ 



s mp216-2l8°C, 
White solid 



EXAMPLE 10 «- 

pheiv^etMester!' 1 ' 1 ' 0 ^ a ^ 1 ' W ^ ydrc ^^ e * y '* 2 ^^y ndin Wthio)me%((^2^trifluorornelhyl}- 

mp229-230°C. 

White solid. 



EXAMPLE 11 

mpl22-123°C. 
Pale yellow solid. 



25 Claims 

1. A process for the preparation of a compound of the formula (I) 
so Ar 

C0 2 R 



35 H n ~C 



2 or 3"- H I 



Z 



40 



wherein Ar is aryl or heteroaryl; 

R' is hydrogen, lower alkyi, or aryl; 



optonal bond to form a fused ring of the formuTa V ' ' S ^ t0gether with " " "nich is an 



45 




SO 



wherein n is 0 or 1 and Z is 

1) A-Fb wherein A is 0 or S and R2 is 



ss 



1) aJkyl, straight or branched, optionaJly substitute h» t*\ k * 
and R< are independent hydrogen or I L aKS ? ( ? Y 0Xy ' W a ' k0xy ' (c > herein R 3 
alkyi, aryl, araikyi wherein I is Jy, SLEET"" 1 " * ^ 0ne ° r and ^ 5 * <°we 

to four carbons, or heteroaryi w^the pnovto thTt t? no 1ST f ^ " branChed havin 9 of «™ one 
(e) CO2R4 is hydrogen or lower alkyi; * " ^ sub »* by S(O) jj Rs when A is S; or 

ii) aryl; 



10 
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iii) heteroaryl; or 

iv) 



5 




wherein q is one or two, and - - • is an optional bond; Re and R 7 are independently hydrogen, alkyl of from 
one to four carbons, alkenyl of from two to four carbons, or taken together with — Rs and R7 form 




i 



wherein X is halogen, lower alkyl, trifluoromethyl, nitro. amino, mono-or di-lower alkylamino, cyano, lower 
alkoxy, lower alkylthio, and the like; 

2) NR3R4 wherein R 3 and FU are independently hydrogen or lower alkyl; or 

3) 

25 

N Y 

\_y 

30 wherein Y is 0, S, CH 2 , CHAr wherein Ar is independently aryl, or NR 5 wherein R 5 is independently as 
defined above; 
4) 




wherein R5 is independently as defined above. 

which comprises 1) treating a compound of the formula (II) 



** Ar 



45 




II 



wherein Ar, R', Ri, and R are as defined above; with pyridinium bromide perbromide and then 2) treating the 
result of 1) with a compound of the formula HZ wherein Z is as defined above; to obtain the compound of 
formula I. 

2. A process of Claim 1 wherein the compound of the step 1) having the formula (III) 



11 
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III 



70 oTcSm?' R '' R " "* R " 83 d6fined ab0V6: iS identified ° r i50,ated «* then freated wording to step 2 
3. A process of Claim 2 wherein the step 1 is in a dry, inert solvent and in the presence of pyridine 

5 A ESS 0 ° n t T ein ^ S0 ' Vent iS dfy ethan0| - free ch,oroform or chloride 
JS !- AprTCessofClaim2wherein step2isinasolventinthepresenceofNaH 

mamide ° f 5 Where '' n ° f Step 2 iS part ^ydrofuran and part dimethylfor- 

7. A process of Claim 6 wherein each part is equal. 

8. A process of Claim 1 wherein Ar is ^(trifluoromethyDphenyl, R is ethyl, R, is cyano, and Z is 



20 



25 



30 



or 



9. A compound of the formula (X) 



S( 



35 



40 



N = C 




45 and Piratically acceptable salts thereof; wherein Ar is aryl or heteroaryi- 
R is hydrogen, lower alkyl, or aryl; 

R is a straight or branched hydrocarbon chain of from two through six carbons; and Z, 



is 



so 



wherein R 5 is lower alkyl, aryl. aralkyl. or heteroaryi; or 



55 
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wherein q is one or two, and Re and R 7 are independently hydrogen, alkyl of from one to four carbons, 
alkenyl of from two to four carbons, or taken together wherein Re, R 7 and - - - form 



70 




75 



wherein X is halogen, lower alkyl, trifluoromethyl, nitro, amino, mono-or di-lower alkyl amino, cyano, lower 
alkoxy, or lower alkylthio. 

10. A compound of the Claim 9 wherein 2i is 



20 




25 wherein R5 is as defined above. 

1 1 . A compound of the Claim 9 wherein Z1 is 



30 




35 wherein q, Rs and R7 are as defined above. 

12. A compound of the Claim 11 and being 5-cyano2-[(3,4-dihydro-2-oxo-1(2H)quinolinyI)methylhl,4. 
dihydro-6-methyl-4[2-(trifluoromethyl) phenyl]-3-pyridinecarboxyiic acid; ethyl ester. 

13. A compound of the claim 9 selected from the group consisting of 1,4<lihydro-6-methyl-2-[(4-phenyl- 
1H-imidazol-1-yl)methyl] -4-[2-(trifluormethyl) phenyl]-3-pyridinecarboxylic acid; ethyl ester, 5-cyano-1,4- 

40 dihydro-6-methyl-2-[(2-mett phenyI]-3-pyridinecarboxyiic 
acid; ethyl ester, and 5-cyano-1,4"dihydro-2-(1H-imidazol-1-yl) methyl]-6-methyl-4-[2-(trifiuormethyl)phenyl]. 
3-pyridinecarboxylic acid; ethyl ester. 

Claims for the following Contracting States : GR, ES 

45 

1. A process for the preparation of a compound of the formula (I) 



Ar 




I 



wherein Ar is aryl or heteroaryl; 

R' is hydrogen, lower alkyl, or aryl; 



13 
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R is straight or branched hydrocarbon chain of from two through six carbons- 
R, is CN, COjRj wherein Rj is hydrogen or lower alkyl, or is taken togemer with - - - which is an 
optional bond to form a fused ring of the formula * 



10 



wherein n is 0 or 1 and Z is 

1) A-Ffe wherein A is 0 or S and R2 is 



75 



i) alkyl. straight or branched, optionally substituted by (a) hydroxy, (b) alkoxv, (c) NR3R4 wherein R, 
and ft are ,ndependent.y hydrogen or lower alky.; (d) SfQKA wherein n is zero, one 0 to aS R 5 fs Twe 

to four ctfc^n? "Hr" "? ^' a,ky ' " " a ' ky,enyl ' inkaSe ^ or branched having of fr^rn one 

« m r • h ^ , ary ' Wth 016 pr ° ViS0 that Rz is not alk y' substituted by S(O) -R 5 when A is S or 

(e) CO2R4 is hydrogen or lower alkyl; n s 5,1 or 



ii) aryl; 

20 iii) heteroaryl; or 

iv) 



25 




30 wherein q is one or two. and - - - is an optional bond; R 6 and R 7 are independently hydroqen alkvl of from 
one to four carbons, alkenyl of from two to four carbons, or taken together with - ■ 



35 



0- 



I 



2) NR3R4 wherein R3 and R. are independently hydrogen or lower alkyl; or 
3) 



45 




SI"' $ ' ° HAr Where '" * ' S ■* - *«, „he,e,„ R, l5 Mependem* 

50 4) 



55 




wherein R5 is independently as defined above. 

which comprises 1) treating a compound of the formula. (II) 



14 



0 268 273 



Ar 

CO.R 

II 



H 2 ot 3 H 2 

wherein Ar. R\ Ri, and R are as defined above; with pyridinium bromide perbromide and then 2) treating the 
.o Tesult of 1) with a compound of the formula HZ wherein Z is as defined above; to obtam the compound of 

^T-Aprocess of Claim 1 wherein the compound of the step 1) having the formula (III) 



J5 



20 




III 



wherein Ar, R', Ri. and R are as defined above; is identified or isolated and then treated according to step 2 

» ° f C 3 31 A process of Claim 2 wherein the step 1 is in a dry. inert solvent and in the presence of pyridine. 
4 A process of Claim 4 wherein the solvent is dry ethanol-free chloroform or methylene chlor.de. 

5. A process of Claim 2 wherein step 2 is in a solvent in the presence of NaH. riimfit(lv , for . 

6. A process of Claim 5 wherein the solvent of step 2 is part tetrahydrofuran and part d.methylfor- 

mamide. 

30 7 A process of Claim 6 wherein each part is equal. . 
8. A -process of Claim 1 wherein Ar is 2-(trifluoromethy!)phenyl, R is ethyl, Ri is cyano, and Z is 

s -0 



or 



40 



45 



50 



S(0) 2~O 



9. A process of claim 1 for the preparation of a compound of the formula (X) 

AC 

N = C \J\/ C0 2 R 



X 



55 



and of pharmaceutical^ acceptable salts thereof; wherein Ar is aryl or heteroaryl: 
R' is hydrogen, lower alkyl, or aryl; 
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R is a straight or branched hydrocarbon chain of from two through six carbons; and Z, is 
s N -^— R 5 

wherein R 5 is lower alkyl, aryl. aralkyl, or heteroaryl; or 

w 



-X 

/ if 



D \ 



75 



q "7 



20 



10. A process of the claim 9 wherein 2i is 



30 




wherein R 5 is as defined above. 
3S 11. A-process of Claim 9 wherein Zi is 



-v 



o=/ N Y 6 ^ 



wherein q, Rg and Rs are as defined above 



55 
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© The present invention provides a process for 
preparing a 2-substituted-1 ,4-dihydropyridine by pro- 
viding a regiospecific bromine containing intermedi- 
ate which is then reacted with a nucleophile to 
provide a wide range of substituents at the 2-position 
of 1,4-dihydropyridines. Also the present invention is 
novel 3-substituted-1,4-dihydropyridines having car- 
diovascular activity. 
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